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(54) Displacement measuring 
transducers and their use for sen- 
sin vehicle suspension displace- 
ments 

(57) An induction displacement 
transducer is described In which the 
magnitude of the phase difference 
between A.C. current and voltage In 
a coil 1 is dependent upon the axial 
displacement of a short-circuit turn 
1 0 which moves with a monitored 
object 4. A magnetic flux concen- 
trator 6, which may be combined 
with the short circuit turn 1 0, en- 
hances the flux linking between the 
short-circuit turn 10 and the coil 1 . 
In order to sense the height of a 
vehicle suspension strut the coil 1 
may be mounted on a plastics dirt 
shield 13, the short-circuit turn 10 
being provided by a sleeve plated 
with an electrically conductive 
metal and secured to the strut cylin- 



der 6. Various circuits are described 
for monitoring the height signals 
produced by the different suspen- 
sion struts of a vehicle. 
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SPECIFICATION 

Displacemont measuring transducers and 
thoir U80 for sensing vehicle suspension 
5 displacements 

This invention relates to displacement measur- 
ing transducers, and is also concerned with 
the use of such transducers for sensing vehi- 
1 0 cle suspension displacements, in particular for 
sensing suspension height in vehicles pro- 
vided with means for adjusting the vehicle 
lieight. 

One aspect of the invention is concerned 
1 5 with the measurement of the phase relation- 
^ip between vohage and cun-ent in an induc- 
tive displacement transducer, and stems from 
an appreciation of the fact that, under the 
right circumstances, this phase relationship 
20 can be made to vary progressively in depen- 
dence upon the position of the object being 
monitored. 

A common form of inductive displacement 
transducer comprises a pair of axially aligned 

25 coils which are connected into respective arms 
of an a:C. bridge, and movement of a ferrite 
core from one coil to the other produces a 
vohage output of the bridge of which the 
magnitude can be arranged to be proportional 

30 to ^le displacement of the ferrite core. A 
typical arrangement is that disclosed in U.K. 
Patent Specification No. 1,059,029. Such an 
arrangement does not involve any measure- 
ments of phase, although, of course, it is 

35 usually necessary to employ a phase sensitive 
detector in such a bridge circuit to discrimi- 
nate between the two components of the 
bridge output signal. 
A displacement measuring transducer has 

40 also been proposed in U.K. Patent Specifica- 
tion No. 967581 in which the magnitude of a 
capacitor or of an inductance in a monitoring 
circuit is varied by movement of the moni- 
tored object, and the change is used to mod- 

45 ify the resonant frequency of a tuned circuit 
by means of an inductive coupling between 
the monitoring circuit and the tuned circuit. 
The change in the resonant frequency brings 
' about a change of phase in the voltage/ cur- 

50 rent relationship of the tuned circuit which is 
measured by a phase discriminator, and the 
'.change in phase is a measure of the displace- 
ment of the monitored object. However, it will 
be appreciated that no measurement of the 

55 phase relationship between the voltage/cur- 
rent in the monitoring circuit was involved in 
that proposal. Also, such a circuit is not very 
suitable for use in arduous conditions which 
might affect the tuning of the tuned circuit. 

60 According to one aspect of the invention a 
displacement measuring transducer comprises 
a coil, an A.C. source connected to the coil, a 
short-circuit turn which is movable relative to 
the coil in response to movement of a moni- 

65 tored object, a magnetic flux concentrator 



arranged to enhance the magnetic flux linking 
between the short-circuit turn and the coil, 
and means for measuring changes in the 
phase relationship between the voltage and 

70 current in the coil which result from the eddy 
cunrents produced in the short-circuit turn. 

Such a transducer may be arranged to 
provide a substantially linear relationship be- 
tween said phase and the displacement of the 

75 monitored object and may be made of rela- 
tively cheap but durable construction. 

The reason for the phase change will be 
understood if the transducer is considered in 
terms of a transformer in which the secondary 

80 is a movable short-circuit turn. It will be 
appreciated that the reflected resistance asso- 
ciated with the short-circuit turn, the effective 
shunt resistance across the primary, will vaiy 
with the degree of coupling between the coil 

85 and the short-circuit turn. As the short-circuit 
turn is moved towards a position in which the 
coupling between the short-drcuit turn and 
the coil is increased the reflected resistance 
will be reduced, so that the current through 

90 the coil will tend to shift in phase towards that, 
of the voltage across the coil. 

The flux concentrator may be stationary 
relative to the coil or it may mounted for 
movement with the short-circuit turn, 

95 The short-circuit turn of a displacement 
transducer in accordance with the invention is 
thus arranged to give rise to substantial eddy 
currents as compared with the eddy currents 
that are produced in displacement transducers 

100 used in conjunction with bridge circuits. 

It has been found that there is an optimum 
value of the resistance of the short-circuit turn 
which, for any particular an^ngement, pro- 
vides the greatest phase shift per unit of 

105 displacement. 

The optimum short circuit turn resistance is 
not in general the smallest obtainable value, 
but for a given arrangement can be found 
experimentally by winding a 'test' short-circuit 

110 turn with copper wire and terminating the 
ends wKh a variable resistor, which is then 
adjusted to achieve maximum phase shift. The 
measured resistance of this test short-circuit 
turn may then be used to determine the 

1 1 5 dimensions and material(s) to be used in the 
construction of the short-circuit turn. 

Although the flux concentrator and the 
short-circuit turn may be constituted by two 
members of different materials, they may be 

120 constituted by a single member of a suitable 
electrically conductive and flux-conceptrating 
material. A ferromagnetic material such as 
mild steel may then be used. 
When two members are employed the flux 

125 concentrating member is preferably formed of 
a ferrite material or similar flux concentrating 
but electrically insulating material, and the 
short-circuit turn may be formed of a homoge- 
neous material having a good electrical con- 

1 30 ductivity, such as copper. 
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Alternatively, the short-drcuit turn may be a 
composite of two or more materials having 
different resistivities. For example, it may 
comprise a steel tube plated with copper or 
5 nickel to a predetermined thickness. 

AltKiough the short-circuit turn may com- 
prise an auxiliary member which is attached to 
the member whose displacement is being 
monitored, the short>circuit turn may be con- 
10 stituted wholly or partially by an existing part 
of the monitored member. 

In particular, the monitored member may 
comprise a vehicle suspension component, 
such as a tubular part of a suspension strut. 
. 1 5 The coil may then be mounted on a relatively 
fixed part of the strut and substantially coaxi- 
ally of the relatively movable tubular part to 
sense movement of the tubular part. The 
tubular part will then act both as a flux 
20 concentrator and as a short-circuit turn. 

When the coil is used in conjunction with a 
vehicle suspension strut it may conveniently 
be wound on an insulating sleeve, such as a 
plastics sleeve, fitted on a relatively fixed part 
25 of the strut. The plastics sleeve may also * 
perform the function of a conventional dirt 
sleeve in shielding slidable parts of the strut 
from dirt. 

Conveniently an electrically conductive 

30 sleeve is provided on the tubular part of the 
suspension strut to bring the short-circuit turn 
into close proximity to the coil. The conduc- 
tive sleeve is conveniently of sufficient thick- 
ness and is made of or plated with a suitable 

35 material to optimise the short-circuit turn re- 
sistance. A smaller clearance between the coil 
and the short-circuit turn in general results in 
a greater sensitivity of the transducer. 
In general applications of the invention, the 

40 short-circuit turn is preferably of tubular 
sfiape, and it may be provided with a base to 
form a cup with the base of the cup being 
connected to the monitored member. . 
When an independent flux concentrating 

45 member is employed that member is prefera- 
bly mounted in the cup with part of the flux 
concentrating member projecting tiierefrom. 

Although the phase relationship between 
the voltage and current in the coil is varied on 

50 displacement of the monitored object it can be 
arranged that the magnitude of the coil cur- 
rent does not vary substantially, as compared 
with many prior art transducers. This makes it 
possible to connect several coils in series or in 

55 parallel and use a common A.C. source with- 
out incuning serious mutual disturbances be- 
tween the coils, and this is one factor which 
facilitates the application of the invention to a 
vehicle suspension sensing system where the 

60 different coils may be arranged individually to 
sense the displacement of respective suspen- 
sion assemblies. 

The use of series-connected measuring coils 
facilitates the use of a multiplex system for 

65 analysing voltage/current phase relationships 



of the coils. 

Any suitable means may be employed for 
measuring changes in the coil vohage/current 
phase relationship. In a preferred arrange- 

70 ment, however, a comparator, which for con- 
venience will be termed the 'measuring coil 
comparator', has its two inputs connected 
across the measuring coil, a reference impe- 
dance, which may be in the form of a resistor 

75 but is preferably in the form of an inductance, 
is connected in series with the measuring coil 
and A.C. source, and a further comparator 
which will be termed the 'reference compara- 
tor' has its two inputs connected across the 

80 reference impedance. The square wave out- 
puts of the measuring coil comparator and of 
the reference comparator are fed to the re- * 
spective inputs of a phase discriminator, pref- 
erably in the form of a further comparator, 

85 which will be termed the 'phase discriminat- 
ing comparator', and the lengths of the pulses 
at the output of the phase discriminating 
comparator will correspond to the phase dif- 
ference between the voltage/current relation- 

90 ship of the measuring coil and that of the 
reference impedance. The length of these 
pulses may be detected in any convenient 
manner. 

In one preferred arrangement which enables 
95 multiplex analysis of the outputs of a plurality 
of measuring coils, the measuring coils are 
connected in series with a common reference 
impedance, respective measuring coil compar- 
ator are connected across the outputs of the 

100 measuring coils, and a multiplex selector 
switch is connected between the outputs of 
the measuring coil comparators for connecting 
the outputs of the measuring coll comparators 
in sequence to one input of a common phase 

105 discriminator of which the other input is per- 
manently connected to the output of a refer- 
ence impedance comparator connected across 
the reference impedance. 

In order to reduce the number of compara- 

110 tors employed it is preferred, however, to use 
a selector switch assembly to connect the 
inputs of a common measuring coil compara- 
tor in sequence to the respective measuring 
coils. < 

115 In one such arrangement employing a com- 
mon measuring coil comparator the measuring 
coils are arranged, as before, in series with • 
one another and with the reference impe- 
dance, and the selector switch assembly com- 

1 20 prises a respective double-pole analogue 
switch for each coil. 

The use of double pole switches is avoided 
in another preferred arrangement in which 
each measuring coil is arranged in series with 

1 25 a respective single pole analogue switch of 
the selector switch assembly, and the series 
connected paira of measuring coil and switch 
are connected in parallel with one another, 
and in series with a common reference impe- 

1 30 dance and the A.C. source. A common mea- 
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suring coil comparator has one of its inputs 
connected to the junction between the con- 
nected ends of the measuring coils and its 
other input is selectively connected by the 

5 selector switches to the other ends of the 
respective measuring coils in sequence. In 
that anrangement the measuring coils are se- 
lectively connected to the A.C, source in turn 
by the selector switches. 

10 Each of these preferred arrangements IS 
particularly suitable for incorporation in a vehi- 
cle suspension height detecting system. 
. According to a second aspect of the inven- 
tion a vehicle suspension system comprises a 

1 5 plurality of suspension assemblies, each 
adapted to be connected between sprung and 
urvspmng parts of a vehicle, a respective 
suspension height transducer ass(w:iated with 
each suspension assembly to detect the height 

20 of the assembly, each transducer being ar- 
ranged to provide a height signal which vanes 
progressively with displacements of the re- 
spective suspension assembly, and a multiplex 
switch assembly connected between the trans- 

25 ducers and a signal analysis circuit which is 
arranged sequentially to analyse the height 
from the different transducers. 

The transducers may be transducers in ac- 
cordance with the first aspect of the invention, 

30 but other suitable transducers may be eirv- 
ployed. 

The multiplex switch assembly and the sig- 
nal analysis circuit may be incorporated in a 
central suspension height control unit. 
35 The invention will now be further descnbed, 
by way of example only, with reference to the 
accompanying drawings in which:- 

Figures la, lb and 7c are longitudinal 
cross-sections of three measuring coil and 
40 core assemblies in accordance with the inven- 

Figure 2 is a side view of a vehicle suspen- 
sion strut incorporating a similar measunng 
coil and core assembly to that of Fig. 1 c. 
45 Figures 3 to 5 are block-circuit diagrams of 
three circuits In accordance with the invention 
for monitoring displacement of four members 
provided with respective measunng coils, 
* such as vehicle suspension struts. 
50 Referring to Fig. 1 a, a conventional electri- 
cal coil 1 has leads 2 and 3 for connection to 
"an A.C. source. A core assembly 4 coaxial 
with the coil is slidably mounted by suitable 
means, not shown, for axial movement rela- 
55 tive to the coil and comprises a magnetic flux- 
concentrating solid cylinder 5 of ferrite mate- 
rial of which half of the length is secured, 
such as by bonding within a cup member 6 of 
a material having a relatively high electrical 
60 conductivity, such as copper. An actuating rod 
7 of which the magnetic and electrical proper- 
ties are not important is connected at one end 
by any convenient means to the base 8 of the 
cup member 6 and at its other end, not 
65 shown, to the member whose movement is to 



be monitored. 

In the absence of the cup member b tne 
introduction of the ferrite cylinder 5 into the 
coil 1 would bring about a substantial in- 
70 crease in the inductance of the coil 1 as seen 
by the A.C. source, but this would not sub- 
stantially alter the phase relationship between 
the voltage and current in the coil since the 
ferrite material is a poor electrical conductor 
75 and only very limited eddy cunrents would be 
induced in the ferrite cylinder 5 which could 
provide any reflected resistance shunted 
across the coil. Thus the voltage in the coil 
would continue to lead the current in phase 
80 by substantially 90% the coil being chosen to 
have a negligible resistance as compared to its 
Inherent Inductance. The cylindrical wall 9 of 
the cup member 6, however, provides a sec- 
ondary coil in the fonnd of a short-circuit turn 
85 of which the linkage with the coil 1 is varied 
on displacement of the core assembly 4. In 
Fig. 1 a the open end of the cup member is 
shown about to enter the coil, so that diSr 
placement of the core assembly to the left, on 
90 leftward movement of the input rod 7, will 
increase the linking between the short<ircuit 
turn and the coil 1 to induce substantial eddy 
currents in the wall 9. The effect of the eddy 
currents in the short-circuit turn is to reduce 
95 the expected rise in the inductance of the coil 
1 resuHing from insertion of the femte core 5 
into the coll 1 , and also to reduce the 
reflected resistance shunted across the coin . 
The reflected resistance will progressively de- 
100 crease and the effective inductance of the coil 
1 will progressively decrease as the core as- 
sembly 4 IS displaced progressively leftwards 
from the position shown in Fig. 1 a This 
produces a progressive change in the phase 
105 relationship between the voltage and current 
to the coil 1 in the sense that the phase lag of 
the cun-ent relative to the voltage in the coil 1 
is progressively reduced from an initial value 
of substantially 90'. The phase change is 
110 found to be substantially proportional to the 
displacement of the core assembly 4 over a 

useful range. , ^ 

It will be appreciated that in the arrange- 
ment of Fig. 1 a the base 8 of the cup 
1 1 5 member 6 is merely provided to effect a 
connection with the actuating rod 7, and that 
the characteristics of the device would be 
substantially unaltered if the cup member 6 
were to be replaced by a tube of the same 

120 material. , ^. ^ u 

Thus the assembly of Fig. 1 a may be used 
to monitor the displacement of an object con- 
nected to rod 7 by monitoring in any conve- 
nient manner the phase relationship between 

1 25 the voltage and current in coil 1 . 

in the modified assembly of Fig. 1 b corre- 
sponding reference numerals have been ap- 
plied to corresponding parts. In this arrange- 
ment the composite core of the Fig. "I ^ ^s- 

130 sembly has been replaced by a unitary core 6 



4 



GB2074736A 4. 



of feiro-magnetic. electrically conductive ma- 
terial such as mild steel which is of cup 
shape having a tubular side watt 9. A rela- . 
th^ely elongate coil 1 has been shown in this 
5 case to demonstrate that the proportions of 
the cgil may be varied over a wide range to 
suit the particular application. In general a 
longer coil will usually be required for moni- 
toring larger displacements. 

10 In this assembly the cup member 6 per- 
forms the dual functions of a magnetic flux 
concentrator and a short-circuit turn. In this 
case« however, the flux concentrator and the 
shoit-circuit turn enter the coil together^ so 

1 5 that. the effecth^e inductance increases and the 
reflected resistance decreases during insertion 
of the cup member 6 into coil 1 . Thus the 
effective impedance of the coil 1 does not 
vary substantially over the full range of move- 

20 ment of the cup member 6* and as previously 
mentioned this makes it possible to use the 
same A.C. source to energise several such 
coils without there being any serious mutual 
disturbances. 

25 It will be appreciated that similar changes in 
the reflected resistance and effective impe- 
dence to those of the Fig. lb construction 
would be achieved with the construction of 
Fig. 1 a if that portion of the core 5 projecting 

30 from the cup 6 where to be removed. 

It will also be appreciated that the cup • 
member 6 of Fig. 1 6 may take the form of an 
existing component of a monitored member, 
such as the tubular body of a vehicle suspen- 

35 sion strut. 

Fig. 1 c schematically shows the invention 
applied to a vehicle suspension strut and will 
be used to explain the prindple of operation 
of the transducer incorporated in the suspen- 

40 sion strut of Fig. 2. In Fig. 1 c parts corre- 
sponding to those of Fig. 1 b have been given - 
corresponding reference numerals. 

In the construction of Fig. 1 ca stationary 
piston rod 12 carries a valved damper piston 

45 1 1 which works in a movable damper cylinder 
6. The piston rod 1 2 and the cylinder 6 are 
made of the usual materials, and therefore the 
rod 1 2 will act as a stationary flux concentra- 
tor whereas the cylinder 6 will act as a 

50 movable flux concentrator. A cup-shaped dirt 
shield 1 3 of insulating plastics materials has 
Hs base secured to the piston rod 1 2 and 
fixedly carries a coil 1 . 
Since the cylinder is of greater bulk and is 

55 closer to the coil than the piston rod 12, the 
effect on the coil current produced by move- 
ment of the cylinder 6 will be similar to the 
effect produced in the Fig. 1 b arrangement by 
movement of cup member 6. In order to 

50 reduce the effect produced by the stationary 
piston rod« and therefore to reduce the depen- 
dence of the transducer characteristics on the 
diameter of the piston rod (which will vary 
from one vehicle to another) a mild steel 

55 sleeve 10 Is pressed onto the cylindrical side 



wall 9 of the cylinder 6. The sleeve is plated 
with a suitable electrically conductive material, 
such as nickel or copper. Since the plated 
sleeve 10 and cylinder 6 act as the short- 

70 circuit turn, the effective resistance of the 
short-circuit turn may be carefully controlled 
by controlling the thickness of the plating. 

Fig. 2 illustrates e conventional vehicle sus- 
pension strut assembly which has been modi- 

75 fied to employ the transducer illustrated sche- 
matically in Fig. 1 c and corresponding refer- 
ence numerals have been applied to corre- 
sponding parts. The suspension strut com- . 
prises a piston and cylinder assembly in which • 

80 the piston rod 1 2 is secured at its upper end 
by rubber mounting bushes 14 to the top of a 
suspension turret 1 5 of a vehicle body, and a 
damper cylinder 6 is secured at Its lower end 
to a wheel axle, not shown. The strut also 

85 incorporates conventional hydraulic mear^, 
not shown, for varying the hydraulic force 
applied to the piston in order to change the 
height of the suspension strut. For example, 
the piston rod 1 2 may be hollow to allow the 

90 volume of hydraulic fluid in the strut to be 
altered. 

The operation of the strut is entirely converv 
tional and it will be appreciated that upon an 
increase or a decrease in vehicle loading the 
95 strut respectively contracts or expands and the 
. . cylinder 6 moves into or out of the coil 1 , 
such displacements being detected from the 
changes in phase relationship between the 
voltage and current in the coil 1 . 

1 00 The sleeve 1 0 takes up part of the clear- 
ance between the cylinder 6 and the dirt 
shidd 1 3, and as the sleeve is electrically 
conducting it partly constitutes the short-cir- 
cuit turn so that the clearance "X' between 

1 05 the short-circuit turn and the sensing coil is 
made smaller thereby increasing the discrimi- . 
nation of the transducer. It is preferable to 
provide a sleeve on the cylinder rather than to 
use a dirt shield of smaller diameter for two 

110 reasons. Firstly it provides a convenient 
means of optimising the resistance of the 
short-circuit turn since the sleeve 1 0 can be 
made of a different material to that of the 
cylinder 6, or, if the sleeve 10 is to be plated, 

1 1 5 it is cheaper and more simple to plate a 
relathrefy small sleeve than it is to plate a 
relatively larger cylinder. Secondly the sleeve 
10 maximises the radial distance between the 
sensing coil 1 and the exposed part of the 

1 20 piston rod 1 2. Different Vehicle applications 
required different diameter piston rods, and it 
is found that large diameter piston rods can 
cause problems if the sensing coil responds 
too strongly to the rod, which of course, 

125 remains stationary relative to the dirt shield on 
which the coil is wound. 

The circuit of Fig. 3 is applicable to the 
multiplex analysis of the current/voltage 
phase relationships in four measuring coils L|, 

130 Lj^ L3 and L4 associated with respective mem- 
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bers whose displacements are to be moni- 
tored. The circuit Is particularly applicable to 
the monitoring of suspension height in a vehi- 
cle provided with means for adjusting the . 
5 suspension height to take account of changes 
In vehicle loading in order to improve the ride 
of the vehicle. 

The measuring coils L, to U may therefore 
each be associated with a respective suspen- 
10 sion strut associated with a respective vehicle 
wheel In order to monitor the height changes 
of a part of each suspension strut. 

As shown, the four measuring coils L, to ^ 
are connected in series with one another and 
1 5 with a reference inductance and they are 
fed with A.C. by an amplifier AMP from an 
osdilator 1 7. The frequency of the oscillator 
1 7 is chosen such that any frequency dnft will 
lead to a minimum change in the measured 
20 phase relationship of the voltage /current in 
the measuring cdls. Measuring coil compara- 
tors COMP 1 to COMP 4 each have their 
inputs connected across the respective mea- 
suring coil L, to U and their outputs are 
25 connected to a multiplex selector switch 18 
which sequentially connects the output to one 
input 19 of a phase discriminator unit 21 of 
which the other input 20 is connected to the 
output of a reference comparator COMP R 
30 having its inputs connected across the refer- 
ence inductance L,e,. 

The output of each of the comparators 
COMP 1 to COMP 4 and COMP R will be a 
square wave, since the comparators switch at 
35 the zero crossing points of the voltage wave- 
form, but the relative phases of the square 
waves will differ. The phase discriminator 21 
is arranged to compare the phase of a square 
wave from the output of one of the compara- 
40 tors COMP 1 to COMP 4 in turn with the 
phase of the square wave from the output of 
COMP R. The phase discriminator 21 may 
comprise a further comparator having its Jwo 
inputs connected respectively to inputs 19 
45 and 20. The lengths of the pulses at the 

output of this comparator will then correspond 
to the phase difference between the vohage 
across the selected coil L, to and the 

• voltage across the reference inductance l^, 
50 and this length may be measured in any 

convenient manner to provide a measurement 

• of the height of the suspension strut assocn 
ated with the selected coil. The measurements 
obtained may then be analysed by a suitable 

55 processor to determine what suspension con- 
trol action is required. One or more cycles of 
the A.C. waveform may be monitored to pro- 
vide the measured phase value. 
Advantageously, the oscillator 17, amplifier. 

60 comparators COMP 1 to COMP 4 and COMP 
R, selector switch 18 and phase discriminator 
21 are combined in a central monitoring unit. 
The reference inductance Uf "^^Y' *^ desired, 
be located in or adjacent to one of the suspen- 

65 sion struts. 



The circuit of Fig. 4 is similar to that of Fig. 
3 except that a common measuring coil com- 
parator COMP M is used instead of the four 
comparators COMP 1 to COMP 4, the^selec- 
70 tion function being performed by respective ; 
double-pole analogue switches S, to S4 associ- 
ated with the respective coils L, to The 
switches S, to S4 are arranged to connect in 
turn the coils L, to U respectively across the 
75 inputs of comparator COMP M. 

Fig. 5 shows a further modified circuit in 
which the measuring coils L, to U are each 
arranged in series with a respective single 
pole analogue selector switch S, to S*, and 
80 the measuring coil/switch pairs are arranged 
in parallel with one another and in senes with 
the reference inductance U,. The advantages 
of this arrangement are that, again, only one 
measuring comparator COMP 4 is required. 
85 and that single pole switches instead of dou- 
ble pole switches are used. In this circuit as 
compared with the circuit of Figs. 3 and 4. 
the measuring coils L, to U are only con- 
nected to the A.C. amplifier during the period 
90 for which phase measurements are being 
made. This further minimises any posssibility 
of mutual disturbances between the measur- 
ing coils, 

95 CLAIMS 

1 . A displacement measuring transducer 
comprising a coil, an A.C. source connected 
to the coil, a short-circuit turn which is mov- 
able relative to the coil in response to move- 

100 ment of a monitored object, a magnetic flux 
concentrator arranged to enhance the flux 
linking between the short-circuit turn and the 
coil, and means for measuring changes in the 
phase relationship between the voltage and 

105 current in the coil which result from the eddy 
cun-ents produced in the short-circuit turn. 

2. A transducer as claimed in Claim 1 in 
which the flux concentrator is mounted for 
movement with the short-circuit turn. 

110 3. A transducer as claimed in Claim 2 in 
which a single member acts both as the flux 
concentrator and as the short-circuit turn 

4. A transducer as claimed in Claim 3 in 
which the member is formed of mild steel. 

115 5 A system for measuring the displac- 
ments of a plurality of monitored objects, the 
system comprising a plurality of transducers 
each in accordance with any of the preceding 
claims, the coils of the transducers being 

1 20 arranged in series with one another and with 
a common A.C. source. 

6. A vehicle suspension assembly adapteo 
to be connected between sprung and un- 
sprung parts of a vehicle, the assembly being 

125 provided with a transducer in accordance with 
any of Claims 1 to 4. the short-circuh turn 
being mounted on a relatively fixed part of the 
assembly, and the monitored object compris- 
ing a relatively movable part of the assembly, 

1 30 which parts of the assembly move relative to 
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each other on expansion and contraction of 
the assembly. 

7. A vehicle suspension assembly as 
claimed in Claim 6 in the form of a suspen- 

5 sion strut said fixed part of the assembly 
comprising a piston rod which extends 
through one end of a cylinder which consti- 
tutes said movable part and ^e coil being 
mounted coaxially and radially outwardly of 
10 the cylinder and fixed relative to the piston 
rod. 

8. A vehicle suspension assembly as 
claimed tn Claim 7 as appended to Claim 3 in 
which the cylinder acts both as the flux- 

15 concentrator and as the short-circuit tiirn, the 
coil being positioned such that in use the . 
penetration of - said one end of the cylinder 
into the colt varies with expansion and con- 
traction of the strut. 

20 9. A vehicle suspension assembly as 
claimed in Claim 8 in which the cylinder 
comprises a cylinder body provided, at least in 
the region of the coil, with a surface layer of a 
material of greater electrical conductivity than 

25 that of the material of the cylinder body. 
10. A vehicle suspension assembly as 
claimed in Claim 9 in which the surface layer 
is provided by or on a sleeve which is secured 
on the cylinder body. 

30 11. A vehicle suspension assembly as 
claimed In any of Claims 6 to 10 in which the . 
coil is mounted on a cylindrical plastics dirt- 
shield. . 

12, A vehicle suspension system compris- 

35 ing a plurality of suspension assemblies, each 
as claimed in any of Claims 6 to 1 1 , a 
common A.C. source arranged to energise the 
coils of each suspension assembly, a common 
phase measuring detector arranged to mea- 

40 sure changes of phase in the voltage/current 
relationship of the coils, and a multiplex 
switch assembly arranged such* that the phase 
measuring detector analyses in sequence the 
• phase relationship of the measuring coils. 

45 13. A vehicle suspension system compris- 
ing a plurality of suspension assemblies each 
adapted to be connected between sprung and 
un-sprung parts of a vehicle, a respective 
suspension height transducer associated with 

50 each suspension assembly to detect the height 
of the assembly, each transducer being ar- 
ranged to provide a height signal which varies 
progressively with displacements of the re- 
spective suspension assembly, and a multiplex 

55 switch assembly connected between the trans- 
ducers and a signal analysis circuit which is 
arranged sequentially to analyse the height 
from the different transducers. 

14. A displacement measuring transducer 
60 substantially as described with reference to 

Fig. la of the accompanying drawings. 

15. A displacement measuring transducer 
substantially as described with reference to 
Fig. 1 b of the accompanying drawings. 

55 16. A vehicle suspension strut provided 



with a displacement noeasuring transducer 
which is arranged substantially as described 
with reference to Figs. 1 c and 2 of the 
accompanying drawings. 
70 1 7. A system for measuring the displace- 
ments of a plurality of monitored objects sub- 
stantially as described with reference to Rg. 3 
of the accompanying drawings. 

1 8. A system for the measuring the dis- 
75 placement of a plurality of monitored objects 

substantially as described wKh reference to 
Fig. 4 of the accompanying drawings. 

19. A system for measuring the displace- 
ment of a plurality of monitored objects sub^ 

80 stantially as described with reference to Rg. 5 
of the accompanying drawings. 

a 

Printed (or Her Majesty's Stationery OHiee 

by Burgeta Son (Abtogdon) 861 . 

Pubfidied aiThe P«ttfit Offico, 25 Soultiainpton BuatSngs. 

Lontfon. WC2A 1AY. limn wtiieh copies may bo obtained. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images.within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER; 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



